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EXECUTIVE  SUMMARY 

The  objective  of  these  studies  Is  to  develop  a  data  base  for 
health  hazard  assessment  of  the  effects  produced  by  inhalation  of 
combustion  products  from  red  phos phor us/ h uty I  rubber  used  as  an 
obscurant  smoke  tor  troops  and  vehicles  In  tactical  and  training 
environments.  Laboratory  rats  exposed  in  Inhalation  chambers  are  used 
to  provide  a  comprehensive  definition  of  the  biologic  effects  of  red 
phosphorus  smoke  to  mammalian  systems  under  conditions  which 
approximate  the  potential  troop  exposure.  This  report  summarizes  the 
Phase  II  range  finding  studies. 

in  early  exploratory  experiments  male  and  female  Spr aguo-Daw I ey 
rats  were  exposed  to  various  concentrations  of  RP/BR  aerosols  ranging 
from  0.5  to  3  mg/ 1  for  durations  of  1-  to  4-hr.  Highly  significant 
decreases  In  pulmonary  bactericidal  activity  to  Inhaled 
JS-K. pneumon I ae  were  found  In  the  exposed  rats  relative  to  controls 
after  single  as'  wel !  as  multiple  exposures.  The  higher  exposure 
concentrations  also  produced  significant  decreases  in  total  cell 
counts  in  the  pulmonary  free  cells  obtained  by  tracheobronchial  lavage 
fr^m  the  exposed  rats  relative  to  those  collected  from  controls. 

In  subsequent  range  finding  mortality  studies  male  and  female 
rats  we:  a  given  single  l-hr  exposures  to  2.00,  2.22,  2.62,  3.09  and 
3.15  mg/i  of  RP/BR  aerosols  and  observed  for  14  days.  Only  the 
exposures  to  .>2.62  mg/ 1  caused  deaths.  The  maximum  mortality 
i  osul ting  from  a  single  1-hr  exposure  to  approximately  3  mg/ 1  of  RP/BR 
aerosol  .  (maximum  generator  capacity)  was  20  to  25  percent,,  while  2.62 
mg/ I  resulted  in  6  percent  deaths.  A  single  4-hr  exposure  to  0.88 
mg/ I  with  a  CxT  value  similar  to  those  in  the  3.09  and  3,15  mg/i  l-hr 
studies  caused  no  deaths  thereby  suggesting  that  exposure 
concentration  is  the  determining  factor  rather  than  duration.  These 
experiment*,  demonstrated  that  1C  studies  with  sf  igle  exposures  at 
logarithmically  spaced  concentrations,  were  not  feasible  In  the  range 
of  aerosol  concentrations  levels  physically  attainable  with  the 
generators  at'  the  air  flow  rates  required  in  our  Inhalation  exposure 
system. 

In  a  follow-up  multiple  exposure  study  rats  iihaled  RP/BR 
aerosols  for  1  hr  dally  on  5  consecutive  days  at  concentrations  of 
1.56,  1.99,  2.49  and  3.05  mg/I.  Mortality  rates,  mean  survival  times, 
body  weights  and  overall  cl  I n I ca I  observatl ons  were  made  during  the  5 
exposure  days  and  for  14-day  observation  period.  Necropsies  were  done 
on  all  animals  that  died  during  the  study  and  on  survivors  on  Day  19. 
Mortality  ranged  from  5  to  90  percent  decreases  in  survival  times. 
The  estimated  1C  :  value  was  2.32  mg/ I  with  1.99  and  2.73  mg/ I 

conf I dence  If mlts. 

When  rats  received  five  oally  4-hr  exposures  to  0.35  or  0.99  mg/ I 
of  RP/BR  aerosol  only  one  died.  Comparison  of  body  weights  and  of 
clinical  observations  for  the  1-  and  4-hr  studies  showed  markedly 


adverse  effects  after  the  1-hr  and  practically  negligible  ones  after 
the  4-hr  exposures.  Thus,  the  greater  Influence  of  exposure 
concentration  on  toxicity  over  duration  was  again  demonstrated. 

Based  on  the  results  of  these  range  finding  experiments  the 
definitive  studies  were  conducted  on  male  and  female  rats  using  four 
dally  exposures  to  0.5  mg/ I  of  RP/BR  aerosol  and  comparing  1.0  and 
3.5-hr  exposure  durations.  °ulmonary  free  cell  parameters  and 
structural  changes,  as  evaluated  by  gross  necropsy  and  h l stopathol ogy , 
were  tested  Immediately  following  the  last  exposure  and  after  a  14-day 
recovery  period.  In  an  additional  study  rats  were  exposed  to  0.5  mg/ I 
of  RP/BR  for  3.5-hr  dally  4  days  per  week  for  4  weeks.  Gross 
pathologic  observations  were  made  after  the  last  exposure  and  2  weeks 
following  the  last  exposure.  All  studies  included  dally  clinical 
observations  and  regular  body  weight  determinations. 

No  deaths  occurred  In  any  of  the  studies  and  generally  no 
treatment-related  clinical  observations  were  seen.  Statistical 
analysis  of  body  weights  showed  that  exposure  duration  was  not  a 
significant  facror.  When  body  weight  changes  were  analyzed  over  the 
entire  period  of  exposure  and  recovery,  the  4-day  as  well  as  4-  week 
exposures  produced  weight  decreases  In  male  and  female,  rats  relative 
to  controls  that  did  not  return  to  the  normal  control  level  within  the 
recovery  period. 

Exposure  duration  did  not  have  a  significant  effect  on  the 
pulmonary  free  cell  parameters.  Total  and  differential  cell  cou-its  In 
the  pulmonary  lavage  were  not  affected.  Cellular  ATP  levels  In  the 
lavaged  cells  were  significantly  decreased'  when  examined  Immediately 
after  the  fourth  exposure,  however  recovery  was  complete  after  14 
days. 

No  compound-related  gross  pathologic  lesions  were  observed  during 
necropsies  Immediately  following  the  last  exposure  or  after  a  14-day 
recovery  period  In  either  the  4-day  or  the  4-week  exposure  group. 

Microscopic  examination  of  the  tissues  Immediately  following  the 
4-day  exposure  and  after  a  2-week  recovery  period  did  not  reveal  any. 
treatment-  related  changes  In  kl dneys,  trachea  and  nasal  turbinates. 
However,  lungs  of  several  animals  had  focal  areas  of  Interstitial 
reaction  with  alveolar  macrophages  which  may  b.e  treatment-rel  ated. 
These  animals,  however,  also  had  moderate  to  marked  lymphoid 
hyperplasia  of  pulmonary  lymph  nodes  which  suggests  an  Infectious 
agent  may  have  produced  the  pulmonary  lesions. 
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This  report,  I  I TR I  No.  L06139,  Phase  li  Report  describes  studies 
conducted  by  the  Life  Sciences  Division,  l  IT  Rtjsarch  Institute  for 
the  Health  Eff  ect  s  Research  Division,  U.S.  Army  Medical 
Bioengineering  Research  and  Development  Laboratory  during  the. period 
of  February  through  July  1983.  The  studies  were  carried  out  under 
Contract  No.  DAMD1 7-82-C-21 21 . 


Catherine  Aranyl  served  as  Principal  Investigator  and  James 
Fenters  was  Co- I nvest l gator .  Principal  professional  associates  were 
Stanley  Vana  and  Jeannle  Bradof.  Mr.  Vana  was  responsible  for  the 
Inhalation  exposure  facilities  and  the  aerosol  generation  and 
mon l tor l ng  throughout  the  studies.  Ms.  Bradof  was  In  charge  of  all 
pulmonary  response  studies  and  overall  toxicologic  observations. 
Necropsy  procedures,  tissue  collection  and  preparation  for 
histopathologic  evaluation  were  under  the  supervision  of  Vladislava 
Rac  and  Carol  Thompson.  Percent  phosphoric  acid  analysis  In  the 
filter-collected  aerosol  samples  was  performed  under  the  supervision 
of  Alan  Snelson.  Robert  G l bbons.  Consultant  B l ostatl stl cl  an  performed 
statistical  analysis  of  the  experimental  data.  Histopathologic 
evaluation  of  the  collected  tissue  samples  was  performed  by  W.  D. 
Iverson,  consultant  pathologist  from  Experimental  Pathology 
Laboratories,  Herndon,  VA. 


Animal  experiments  were  conducted  according  to  the  "Guide  for  the 
Care  and  Use  of  Laboratory  Animals"  (1978),  DHEW  Publication  No. 
(NIH).  78-23  prepared  by  the  Committee  on  Care  and  Use  of  Laboratory 
Animals  of  the  Institute  of  Laboratory  Animal  Resources,  National 
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As  part  of  an  overni I  concern  for  personnel  health  and  safety, 
the  U.S.  Army  Medical  Research  and  Development  Command  Is  seeking 
to  evaluate  the  effects  produced  by  Inhalation  of  combustion 
products  from  red  ph cr phor us/ b uty I  .rubber  used  as  an  obscurant 
smoke  for  troops  and  vehicles  In  tactical  ’  id  Training 
environments.'  Laboratory  rats,  exposed  In  chambers  w  i  be  used  to 
provide  a  comprahens! V9  definition  of  the  biologic  effects  of  red 
phosphorus  smoke  to  mammalian  systems  uuucr  conditions  which 
approximate  the  potential  troop  expoour e.  The  approach  to  this 
research  Includes  range  finding  acute  studies  to  determ  I ne  I ethal 
concentrations  and  Influents  of  exposure  duration  on  mortality; 
repeated  exposure  studies  to  define  time-concentration 
relationships  as  *cil  as  threshold  levels,  healing,  and  adaptation 
In  biologic  .eactlons;  and  a  subchr<-*lc  exposure  study  with  a 
recoverv  und  observation  period  after  th*  experimental  exposure. 
The  principal  biologic  response  crlter  a  to  be  monitored  Include 
overt  toxic  signs,  clinical  chemistry  and  hematology, 
h I stopatho I ogy ,  alveolar  macrophage  defense  functions,  pulmonary 
bactericidal  activity  and  neurobehav I  or al  activity,  The  research 
project  Is  set  up  to  proceed  In  a  phased  manner.  The  Phase  II 
biologic  range  finding  studies  summarized  In  this  report  were 
conducted  to  form  the  basis  for  the  selection  of  exposure 
concentration  levels,  durations  and  frequencies  to  be  used  In  the 
Phase  III  Intermediate-term  multiple  expc  uras. 


LU  BAIIB1AJ.S  ABB  BIIiJBBi 
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Mai  e  and  fem.nl  e  Sprague  Dawley  rats,  3-  to  4  -weeks-old  were 
obtained  from  j r I  an/ S pr ague-Daw  I  ey ,  Inc.,  Madison,  Wl.  The  rats 
were  housed  3  per  cage  during  the  quarantine  period  In'  plastic 
cages  with  water  bottles.  Fol I ow Ing  test  animal  selection  the  rats 
were  housed  Individually  In  stainless  steel  Inhalation  cages 
containing  four  compar tments,  each  compartment  measuring  18.4  x 
16.5  x  15.9  cm.  The  cages  were  used  for  holding  as  well  as 
expc'ure  throughout  the  studies.  When  attached  to  the  racks  the 
cages  are  equipped  with  an  automatic  drinking  water  distribution 
system  .  and  are  suspended  over  excrement  pans.  For  exposures  the 
cages  are  removed  from  the  racks..  The  animals  were  transferred 
weekly  to  clean  cages  and  the  deotlzed  absorbing  cage  boards  were 
changed  twice  per  week. 

The  animal  rooms  were  maintained  on  12  r  hr  llght/dark  cycle. 
Temperature  and  relative  humidity  we*"e  regulated  In  such  a  manner 
that  extreme  ♦luctuatlons  between  the  animal  room  and  exposure 


chamber  conditions  would  be  avoided.  Purina  Certified  Rodent  Chow 
5002  and  water  were  available  to  the,  rats  ad  1  I b I  turn  except  during 
the  exposures. 

Animals  were  randomized  by  sex  to  treatment  groups  using  a 
constrained  random  process,  stratified  by  weight,  such  that  all 
groups  tested  were  comparable  In  pretest  body  weight,  but 
assignment  of  Individual  animal  to  groups  was  random.  Each  test 
animal  was  Identified  with  a  unique  number  attached  through  ear 
tags. 

fL.  ken-si-allAii  and  iLcniiarliii  q1  iha  JS-hamJker  Aljnas-piifliLe 

1 .  JLeil  Ebfl.sfl.LflriLsZBiii.yl  EuBJiLfir  IfLEZfLBl 

The  test  article,  RP/BR  softened  with  hexane  and  prepackaged 
In  0.75  In  diameter  4.5  In  long  stainless  steel  feed  cylinders 
(billets)  with  end  caps  was  supplied  by  the  Sponsor  through  Oak 
Ridge  National  Laboratories  (ORNl)  and  was  stored  at  ambient 
temperature.  A  record  of  the  test  article  was  maintained  which 
Included  date  of  receipt  with  Identification  numbers  of  each 
cylinder  and  the  date  and  study  number  for  which  It  was  used. 

2.  Iniuljli.'b  JL2Lpfl-SiLC.fi  -E.flfllU.iy 


Tie  Inhalation  exposure  facilities  and  methods  have  been 
described  In  oetall  In  the  Phase  I  Report  (1).  Its  major 
components  are  the  Inhalation  exposure  chambers  with  air  flow  and 
differential  pressure  controls;  the  Conditioned  air  supply  and 
chamber  air  exhaust  systems;  the  reo  phosnhor us/buty I  rubber 
combustion  generators  and  the  aerosol  monitoring  systems. 


Supply  air  to  the  Inhalation  exposure  laboratory  was 
preconditioned  by  passing  through  prefilters,  charcoal  filters  and 
an  air  co'ndl  tlonl  ng  uni  t.  Automatically  controlled  heating  and 
humidifying  units  built  Into  the  supply  air  system  maintained  the 
air  temperature  and  relative  humidity  <RH)  at  the  specified  ranges 
of  24  to  27°C  and  40  to  60  percent  RH.  Prior  to  entering  the 
exposure  chambers  the  conditioner  air  was  f  urther  ,f  1 1  tered  through 
a  fiberglass  coarse  filter,  a  charcoal  bed  and  HEPA  filter. 


flit 
exha 
exh  a 
to  a 
nega 
flit 


The  combined  exhaust  air  from  the  3xposure  chambers  was 
ered  through  a  single-housing,  30-element  coal  escent  filter  and 
usted  above  the  roof  of  the  building.  The  control  chamber 
ust  was  independent  from  that  of  the  experimental  test  chambers 
void  potential  contamination  from  the  test  aerosol.  The 
tlve  pressure  and  airflow  rate  In  the  chambers  and  exhaust 
er  loading  were  monitored  by  differential  pressure  gauges. 


extr 
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generated  by  specially  designed  hydraulic 
generators  provided  by  the  Government  through 


CRNL.  The  generator  operates  ay  exerting  hydraulic  pressure  on  the 
RP/BR  forcing  It  to  extrude  from  an  orifice  Into  a  burn  chamber 
where  It  Is  Ignited.  The  aerosol  generated  from  the  combustion 
products.  Is  transported  directly  Into  the  exposure  chamber  Inlet 
port.  At  a  constant  chamber  airflow  rate  the  concentration  of  the 
aerosol  Is  a  function  of  the  extrusion  rate  of  the  RP/BR  which  Is 
controlled  by  a  precision  hydraulic  metering  pump. 

The  rats  were  exposed  to  the  test  atmosphere  In  Identical 
1-rrrslzed  stainless  steel  Inhalation  chambers  operating  at  a 
total  airflow  rate  of  500  L/mln.  Aerosol  exposure  and  filtered  air 
control  chambers  were  located  In  separate  laboratories. 

3.  ,  ManlioriiLS 

The  RP/BR  aerosol  was  monitored  within  each  exposure  chamber 
for  mass  concentration  by  gravimetric  filter  collection  three  times 
during  the  1-hr  exposures  and  four  times  during  3.5-hr  exposure 
durations.  In  addition,  mass  concentration  waS  monitored  and 
output  continuously  recorded  with  light  scattering  photosensors. 
An  integrated  average  of  the  photosensors  was  recorded 
simultaneously  with  the  gravimetric  filter  sample  collection. 
Aerosol  particle  size  was  determined  with  a  Quartz  Crystal 
Microbalance  cascade  Impactor.  The  particle  size  was  monitored  In 
each  chamber  once  on  each  exposure  day.  Determination  of  total 
phosphorus  was  conducted  by  spectrophotometrl c  analys’s  of  the 
collected  filter  samples  on  one  filter  per  chamber  per  exposure 
week.  All  collected  filter'  were  recorded  and  stored  in  sealed 
containers  until  submitted  for  chemical  analysis.  Oxygen  levels  In 
the  chambers  were  spot  checked  during  each  experiment  and  were 
consistently  21  percent. 

JLLalssLijcaJL  £niLBfljLDi5 
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Aerosols  of  iLD£J4ni£iilafl  disseminated  with  a 

Retec  X-70  disposable  nebulizer  were  us^ed  for  the  bactericidal 
activity  assay,  using  a  method  previously  described  for  mice  and 
adapted  for  rats  (2).  Radiolabeled  were  grown  In  a 

medium  In  which  the  sulfate  requirement  of.  the  bacteria  was 
provided  by  L^'Sjsodlum  sulfate.  Bofore  aerosol Iz atl on,  the 
bacteria  were  washed  repeatedly  and  centrifuged  for  removal  of 
unattached  radlolabel.  Bacterial  counts  were  determined  In  a 
Petr c* f-Hausser  counting  chamber  by  dark-field  microscopy  and  by 
the  culture  plate  technique.  Radioactive  counts  were  measured  In  a 
Mark  III  Liquid  Scintillation  System  (Tracor  Inc,). 
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erlal  aerosol  exposure  chamber  Installed 
of  an  87-1  Iter  ma’n  compartment  (adequate 
■  That  was  accessible  through  appropriate 
‘a  animals  were  moved.  An  additional  small 
'to  the  glove  box  for  the  nebulizers  and 
:  radioactive  and  pathogenic  exposure  hazard 
c-i  all  air  exhausted  from  the  chamber  was 
n  absolute  filter  placed  within  the  glove  box 
.gh  a  HEPA  filter  located  on  the  outside. 
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icldal  activity  was  determined  In  the  lungs  of 
i's  from  both  exposed  and  control  groups  that 
aerosols  of  the  viable  radiolabeled. 

the  viable  bacterial  counts  to  the 
b  animal’s  lungs  provided  the  rate  at 
ved  3  hr  after  Infection.  Thus,  where 
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R5  Is  ,o  of  bacterial  to  radioactive  counts  In  the 

lungs  of  I  (ual  rats  at  3  hr,  and  K0  Is  an  average  determined 

from  the  sam.  os  In  the  lungs  of  rats  killed  Immediately  after 

Inhaling  tht  terla.,  This  assay  was  used  only  In  preliminary 

studies. 


2 .  EiiliHjQ.nJah*  El£3  £ell5 

Within  4  hr  (0  hr)  or  14  days  after  the  last  exposure, 
alveolar  macrophages  (AM)  were  obtained  from  designated  animals  by 
tracheobronchial  lavage.  The  rats  were  weighed,  killed  with  an 
overdose  of  sodium  pentobarbital  by  Intraper Itoneal  Injection,  and 
the  lungs  were  lavaged  through  a  blunted  18-gauge  needle  Inserted 
Into  an  Incision  In  the  trachea  with  9  consecutive  6-ml  Infusions 
of  warm  saline.  The  AM  were  collected  from  the  lavage  fluids  by 
centrifugation  and  resuspended  In  Hanks’  balanced  salt  solution 
(HBSS)  after  the  lavage  fluids  were  collected  for  protein 
determination.  Total  cell  counts  were  made  In  a  hemocy tometer. 
For  determination  of  the  cellular  distribution  (I.e.,  percent  o* 
AM,  pol ymorphonucl ear  leukocytes  and  lymphocytes),  differential 
counts  were  made  on  cy tocentr I f uge  preparations  of  cells  fixed  In> 
methanol  and  stained  with  Wright’s  stain. 

Cellular  adenosine  triphosphate  (ATP)  levels  were  determined 
using  a  DuPont  760  Luminescence  Biometer  with  the  procedure 

recommended  for  the  Instrument.  The  assay  Is  based  on  the 

principle  that  when  a  microsample  containing  ATP  Is  Injected  Into  a 
suitably  buffered  reaction  mixture  of  luclferase  and  luclferln,  the 
peak  Intensity  of  the  resulting  light  flash  Is  directly 

proportional  to  the  concentration  of  ATP.  ATP  was  extracted  from 
the  cells  by  dimethyl  sulfoxide  (DMSO)  from  aliquots  of  the  cell 
suspension.  The  DMSO  extracts  were  diluted  with  a  specially 

prepared  0.01  M  morphol I  nopropane  sulfonic  acid  (MOPS)  buffer  to 
overcome  the  quench  effect  of  the  high  concentration  of  DMSO  In  the 
aqueous  extract  for  the  I  ucl  f  erase- 1  ucl  f  er  I  f.  reaction. 

For  determination  of  total  cellular  protein  conterf,  aliquots 
of  the  cell  suspensions  were  treated  with  1  percent  sodium 
deoxycholate  (SDC)  and  assayed  by  the  Lowry  method  (3).  Lavage 
fluids  were  assayed  without  SDC  treatment.  Total  cel  I ul ar  protein 
values  were  given  per  I05  AM.  ATP  levels  were  expressed  In 
femtograms  (fg)  of  ATP  per  ug  of  total  protein  (experimentally 
determined),  or  per  JO5  AM  (calculated  from  Initial  cell 

counts ) . 


Morta I t  ty  was  recorded  daily  and  expressed  as  the  percent  of 
animals  dying  out  of  the  total  nember  of  animals  on  test. 

Mean  surv I  va  I  time  was  estimated  by  the  method  of  Horsfall 
(4),  from  the  following  equation: 
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where,  A 
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was  the  last  day  on  which  any  Individual  rat  was 
was  the  number  of  rats  surviving  A  days,  d  was 
day  of  observation,  L  was  the  number  of  rats 
dry  d,  and  n  was  the  number  In  the  experimental 


Ci I n 1 ca I  observat i ons:  All  animals  were  observed  dally 
for  survival,  physical  appearance,  behavior  and  any 
ph armaco I og I c  and/or  toxicologic  signs.  All  observations 
were  recorded  on  an  Individual  test  animal  basis. 


Body  weight:  Each  animal  was  weighed  using  a  Mettler 
PE  1600  balance  with  a  special  animal  weighing  mode  at  the 
Initiation  of  the  study  and  on  exposure  days  dally  before 
exposure.  Initial  pr eexposur e  wei ghts  were  recorded  as 
Study  Day  1.  Subsequent  study  days  were  numbered 
consecutively  through  the  recovery  period. 

aiLd  Rats  were  killed  with 

carbon  dioxide  either  within  four  hours  or  14  days  after 
the!  last  exposure,  bled  from  the  dorsal  aorta,  and 
necropsled  under  the  supervision  of  the  pathologist. 

The  necropsy  procedure  Included  a  thorough,— systemic 
examination  and  dissection  of  the  animal  vlscara  and 
carcass  and  collection  and  fixation  of  all  major  tissues. 

Ail  tissues  and/or  organs  were  examined  In  si tu  before 
dissection  from  the  carcass  for  individual  examination. 
Tongue,  trachea,  lungs  and  pulmonary  lymph  nodes  were 
removed  Intact.  Following  weighing  the  lungs  were  Infused 
via  the  endotracheal  route  with  10  percent  neutral  buffered 
formalin  (NBF)  before  Immersion  In  NBF.  The  head  was 
removed  and  NBF  was  Infused  Into  nasal  passages  prior  to 
submersion  In  NBF.  All  tissues  were  fixed  not  less  than 
24  hours  prior  to  trimming. 

Tissue  trimming  (wet  sectioning)  was  performed  at  IITRI 
under  the  supervision  and  direction  of  a  veterinary 


pathologist.  Organs  were  trimmed  to  allow  the  largest 
surface  area  possible  for  examination.  Each  lung 
lobe  was  sectioned  along.  Its  main  bronchus.  Both  a 
cross  section  and  a  longitudinal  section  of  trachea 
was  made. 

The  following  tissues  and/or  organs  wtre  m I croscop I ca I  I y 
examined:  The  entire  trachea,  pulmonary  lymph  nodes,  each 

lobe  of  the  lungs,  and  two  transverse  sections  of  the  skull 
through  the  nasal  turbinates.  (The  first  section  was 
at  the  Incisor’s  level.  The  second  section  was  taken  at 
the  palatal  ridge  level).  Slnca  gross  examination  of  the 
kidneys  revealed  mottling,  these  organs  were  also  subjected 
to  histological  examination. 

Tissues  In  paraffin  blocks  were  shipped  to  Experimental 
Pathology  Laboratories  Inc.  (EPL),  Herndon,  Virginia  where 
hematoxylin  and  eosln  stained  slides  were  prepared  and 
examined. 

il-ai-Lstl-C-al  He±tuj.d.s 

The  LC5q  concentration  was  calculated  according  to  the 
method  of  Miller  and  Talnter  by  linear  regression  analysis  (5). 
Comparisons  made  on  the  preliminary  pulmonary  lavage  and 
bactericidal  activity  data  were  done  using  Student's  t  tests. 

r'or  Study  Nos.  76/77  a  four-factor  mixed-model  ANOVA  was  used 
to  assess  the  effects  of  sex,  exposure  duration,  treatment  and 
replication  on  lavage  parameters  (cell  count,  cellular  protein  and 
ATP,  and  ATP  per  protein).  A  multivariate  ANOVA  for  repeated 
measurements  (growth  curve  model  5  was  used  to  determine  the  effects 
of  sex,  exposure  duration  and  treatmenf  on  repeated  body  weight 
measurements  ever  time  In  Study  Nos.  76/77  and  78.  These  models 
used  In  conjunction  with  this  experimental  design  allow  us  to 
separate  the  effects  of  sex,  exposure  duration  and  treatment.  ,  In 
light  of  this,  overall  differences  between  t».ales  and  females  In 
body  weight,  for  example,  do  not  confound  our  estimation  of 
treatment  or  duration  effects.  furthermore,  we  al so  eval uated 
higher  order  Interactions  so  that  we  may  determine  If,  for  example, 
a  treatment  effect  Is  restricted  to  one  sex  group  (l.e.  sex  by 
treatment  Interactions). 

For  the  purpose  of  Interpretation,  Individual  post-hoc 
comparisons  were  performed  only  when  a  significant  main  effect  on 
Interaction  was  found.  This  allowed  us  to  control  the  false 
positive  rate  and  not  be  subject  to  problems  Inherent  In  multiple 
comparisons.  In  terms  of  sufficient  statistics,  means  and  standard 
deviations  for  each  experimental  condition  were  provided.  in 
addition,  combined  mean  values  were  provided  for  margins  that  were 
not  statistically  significant.  For  example.  If  exposure  duration 


was  not  a  significant  effect  (  I .  ei  no  duration  by  treatment 
Interaction),  combined  means  averaging  over  duration  conditions 
were  provided.  Combined  standard  deviations  were  not  provided 
because  they  are  not  particularly  relevant  and  may  be  misleading. 

Ml.  RESULTS 

jfU  i+.u.dl£s 

In  order  to  obtain  preliminary  Information  on  the  type  and 
magnitude  of  the  biologic  responses  produced  by  Inhalation  of  RP/BR 
aerosols  rats  were  placed  Into  the  exposure  chambers  during  some  of 
the  exploratory  aerosol  generation  studies  of  Phase  I.  These 

animals  were  examined  for  thf  effects  of  the  exposures  on  in  vivo 
pulmonary  bactericidal  activity  and  for  changes  In  the  pulmonary 
free  cells  obtained  from  their  lungs  by  tracheobronch I al  lavage. 
Since  the  results  of  these  experiments  served  as  guidelines  In  the 
planning  of  the  exposure  conditions  for  the  Phase  II  studies  they 
have  been  Included  Into  this.  Instead  of  the  Phase  I  report.  Some 
of  the  rats  used  In  these  first  exploratory  experiments  were  kept 
In  quarantine  for  evaluation  of  the  automatic  drinking  water  supply 
In  the  newly  purchased  cages  and  were  older  than  usual. 

Subsequently  6-to  8-week-old  rats  were  used  In  the  remaining 
studies  as  required. 

1 .  ■  Eulmfluajiy  fiaciei-IiliLai  Acli-idLl* 

Immediately  following  exposure  to  RP/5R  aerosol  the 
experimental  and,scontrol  rats  were  simultaneously  challenged  with 
an  aerosol  of  .  Pulmonary  bactericidal 

activity  determined  3  hr  after  Inhalation  of  the  bacteria  wap 
significantly  depressed  In  the  exposed  compared  to  the  control 
group  In  all  but  one  of  the  exploratory  experiments  (Table  1). 
Highly  significant  decreases  In  bactericidal  activity  were  found  In 
lungs  of  12-  to  20-week-old  male  and  female  rats  exposed  to  1.88 
mg/ I  of  RP/BR  aerosol  for  1.5  hr,  as  well  as  In  the  lungs  of 

5- week-old  male  rats  exposed  to  1.08  mg/1  RP/BR  for  2.3  hr.  The 
results  after  Inhalation  of  approximately  0.5  mg/I  of  RP/BR  In 

6- week-old  rats  varied.  Female  rats  exposed  for  2.8  hr  to  0.52 

mg/I  showed  significant  reduction  In  bactericidal  activity. 
However  when  male  and  female  rats  were  exposed  to  RP/BR  at  0,63 
mg/I  for  3.0-hr  pulmonary  bactericidal  activity,  although  reduced 
In  both  sexes,  was  significantly  depressed  In  male  rats  only.  In 
another  exploratory  experiment  7-week-old  female  rats  were  exposed 
1.0  hr/day  for  4  days  to  RP/BR  ae*osol  at  0.54  mg/I.  After  3  days 
rest,  they  were  exposed  for  1.0  hr/day  for  3  additional  days 
followed  by  aerosol  chal  I  enge  with  pJeumonJ  ae  after  the 

last  exposure.  Pulmonary  bactericidal  activity  was  significantly 
decreased  In  the  exposed  rats.  Thus,  repeated  1-hr  Inhalation 
exposures  to  approximately  0.5  mg/I  of  RP/BR  aerosol,  even  when 


EFFECT  OF  EXPOSURE  TO  RP/BR  AEROSOL  ON  THE  PULhONARY  BACTERICIDAL  ACTIVITY  Of  RAIS 
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Four  exposures,  3  days  rest,  and  3  exposures. 
Difference  from  control:  *  p  <0.05 

***  p  <0.001 


Interrupted  with  recovery  days,  resulted  In  significantly  depressed 
pulmonary  bactericidal  activity. 

2.  EulaflJLaiiy  £sl-Ls 

In  other  exploratory  experiments  11-to  13-week  old  male  and/or 
female  rats  were  exposed  one  time  for  1  or  4  hr  to  RP/BR  aerosols 
at  0.88,  2.22,  or  3 .  !  8  mg/ 1 ,  or  for  4  dally  1-hr  periods  to  0.55 
mg/ I .  Within  2  hr  after  the  exposure  the  animals  were  killed  with 
sodium  pentobarbital,  and  pulmonary  free  cells  were  collected  by  In 
situ  tr acheobronch I al  lavage.  Total  and  differential  cell  counts 
were  made  and  total,  cellular  protein  levels  were  determined.  The 
results  summarised  In  Table  2  show  consistently  decreased  total 
free  cell  yields  and  generally  Increased  cellular  protein  levels  In 
all  groups  of  RP/BR-exposed  animals  compared  to  controls  exposed  to 
filtered  air.  The  changes  were  statistically  significant  at  the 
higher  aerosol  concentrations  with  1  hr  exposure  durations  (2.22 
and  3.18  mg/ I )  and  also  in  male  rats  exposed  4  times  to  dally  1  hr 
concentrations  of  0.55  mg/ I .  Differential  counts  demonstrated  that 
96  to  100  percent  of  the  cells  were  macrophages  with  occasional 
lymphocytes  (not  shown  In  the  Table)  present.  No  significant 
effects  of  Rk/BR  Inhalation  could  be  detected  In  cellular 
distribution. 

B-aiLafirflu-dliLg  £2j2££liiLfiiii5 

Range-finding  experiments  were  conducted  to  provide  the  basis 
for  the  choice  of  the  exposure  concentrations  to  be  tested  In  the 
definitive  Inhalat’on  studies  of  Phase  II.  Mortality,  survival 

time,  body  weights  and  In  some , experiments  cllnlcai  observations 
were  used  to  monitor  the  effects  of  Inhalation  oi  the  RP/BR 

aerosol s, 

i .  Slagle  JLs.bj2.siij: as 

In  the  first  series  of  experiments  male  and  female  rats 
ranging  In  age  from  6  to  13  weeks  were  given  single  exposures  for 
approximately  1  hr  to  RP/BR  aerosols  ranging  In  concentration  from 
2.00  to  3.15  mg/l  and  mortality,  survival  time  and  body  weight  data 
were  recorded  over  a  14-day  period.  As  shown  In  Tnble  3,  only 

exposure  to  3.09  mg/l  for  over  1  hr  caused  deaths  In  male  rats. 
Female  rats  died  after  single  exposures  to  2,62,  3.09  and  3.15  mg/l 
RP/BR.  Mortality  increased  from  11  percent  to  40  percent  while 
mean  survival  time  decreased  from  a  14.1  to  10.4  days  with 

Increasing  RP/BR  aerosol  concentration.  The  maximum  mortality 
resulting  from  a  single  1-hr  exposure  to  approximately  3  mg/l  of 
RP/BR  aerosol  (maximum  generator  capacity)  was  30  to  40  percent  In 
female  rats  and  20  to  25  percent  for  both  sexes  combined.  Results 
of  a  single  4-hr  e  posure  to  0.88  mg/l  with  a  CxT  value  similar  to 
those  In  the  3.09  and  3.15  mg/l  1-hr  studies  caused  no  deaths  In. 
either  sex,  thereby  suggesting  that  exposure  concentration,  rather 


Table  2.  EFFECTS  Of  EXPOSURE  TO  RP/BR  AEROSOL  ON  FREE  CELLS  LAVAGED  FROM  THE  LUNGS  OF  RATS 
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than  duration.  Is  the  determining  factor. 

Body  weights  of  the  survivors  were  monitored  at  various  times 
for  14  days  after  the  single  expo  ures  to  2.00,  2.22,  2.62,  3.09  or 
3.15  mg/!  of  the  aerosol.  Mean  body  weights  are  recorded  In  Table 
A-1  of  the  Appendix.  Figure  1  shows  the  mean  body  weights  of  male 
and  female  rats  which  survived  the  exposures  to  2.00,  3.09  and  3.15 
mg/ I  as  recorded  over  a  14- day  period.  There  were  marked  decreases 
In  body  weights  of  both  sexes  Immediately  after  the  single  exposure 
with  gradual  recovery  ot  the  star+Ing  weight  range  after  about  9 
days  and  continued  Increases  thereafter.  No  control  animals  were 
Included  In  any  of  these  studies. 

Thus  although  these  preliminary  mortality  experiments  were 
conducted  with  rats  of  various  ages  they  demonstrated  that  LC5Q 
srudfes  with  single  exposures  .at  logarithmically  spaced 
concentrations,  as  required  In  toe  contract,  were  not  feasible 
within  our  system  because  of  the  nature  of  the  biologic  responses 
(20  to  25  percent  mortality)  In  the  range  of  aerosol  concentration 
levels  physically  attainable  with  the  generators  (maximum  capacity 
at  our  standardized  500  l/mln  airflow  rates  approximately  3  mg/ I 
for  1  hr). 

2.  HulUpla  £^PASil£5J5 

A  series  of  multiple  exposures  ware  therefore  conducted  In 
which  6  -  to  8- week-old  male  and  female  rats  Inhaled  RP/BR  aerosol 
for  1  hr  per  day  on  5  consecutive  days  at  concentrations  ranging 
from  1.56  to  3.05  mg/ I .  In  another  study  rats  received  five  dally 
4-hr  exposures  to  0.35  and  0.99  mg/ I  of  RP/BR  aerosol.  The  results 
from  these  experiments  are  shown  In  Table  4.  With  four  of  the 
experiments  (Nos.  65A  and  B,  and  57A  and  8)  control  groups  exposed 
to  filtered  air  were  also  Included.  Mortality  rates,  mean  survival 
times,  body  weights  and  overall  clinical  observations  were  made  for 
a  total  of  19  days  (during  the  5  exposure  days  and  for  an 
additional  14-day  observation  period.  Necropsies  were  done  oh  alt 
animals  that  died  spontaneously  during  the  study.  Survivors  were 
necropsled  on  Day  19. 

Mortality  and  mean  survival  data  show  that  for  the  1-hr 
exposures,  mortality  Increased  from  0  and  10  percent  1.56  mq/l 

to  80  and  100  percent  at  3. 05  «g/l  for  male  and  f,*ale  .  ats 
resepctl vel y.  The  overall  change  In  mortality  of  the  two  sexes 
combined  was  5  to  90  percent.  Mean  survival  times  were 
correspondingly  decreased  or  unchanged.  In  the  4»hr  exposures, 
only  one  female  rat  died  in  the  entire  study  and  that  was  at  the 
lower  exposure  coneentratl on.  Observations  from  the  follow-up 
gross  necropsy  did  not  explain  the  unexpected  dealh  of  this  animal . 

The  i.C«0  value  calculated  from  the  mortal  Ity  data  of  the  5 
dallv  1-hr  exposure  dose  response  studies  shown  In  Table  4  for  the 


TEST  DAI'S 


FIGURE  1:  MEAN  BODY  WEIGHTS  OF  MALE  AMO  FEMALE  RATS  BEFORE  AND 

AFTER  A  SINGLE  1 -HR  EXPOSURE  ON  DAY  1  TO  RP/BR  AEROSOLS 
2.0  mg/1  (•-•),  3.09  mg/l  (■*■) ,  or  3.15,m9/1  (f-¥). 
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aerosol  mass  concentration  determinations. 


aerosol  concentrations  of  0,  1.56,  1.99,  2.49  and  3.05  mg/ I  was 
2.32  mg/ I  with  95  percent  confidence  Intervals  of  1.99  and  2.73 
mg/I  respectively. 


Figures  2  and  3  show  the  mean  body  weights  In  the  survivors 
from  these  5  dally  1-hr  exposure  studies.  (The  data  are  recorded 
In  Table  A-2  of  the  Appendix.)  It  can  be  seen  that  at  alt  four 
concentrations  there  are  marked  decreases  In  body  weights  of  both 
male  and  female  rats  during  the  exposure  period.  Although  no 
controls  were  Included  with  the  exposures  at  3.05  and  1.99  mg/I 
(Figure  2)  It  appears  that  survivors  of  the  3.0J  mg/ I  exposure 
concentration  did  not  even  recover  their  starting  weight  during  the 
14-day  observation  period.  The  second  set  o,f.  experiments  (Figure 
3)  show  definite  weight  losses  after  1.56  and  2.49  mg/ I  exposures 
relative  to  air-exposed  conrols  with  a  more  marked  effect  after  the 
exposure  to  the  higher  concentr atl on.  Although  the  rate  of  weight 
gain  appeared  to  be  similar  In  exposed  and  control  rats  after  the 
Initial  weight  loss  In  the  RP/BR  exposure  groups,  the  exposed 
animals  never  attained  the  weight  of  the  controls. 


The  corresponding  mean  body  weights  for  the  4-hr  exposure 
studies  are  shown  In  Figure  4  end  recorded  In  Table  A-2  of  the 
Appendix.  It  appears  that  for  both  concentrations  there  was  only  a 
slight  Initial  weight  loss  In  exposed  female  rats  relat.ve  to 
controls  and  recovery  was  complete  by  the  end  of  the  observation 
period.  In  males  there  appeared  to  be  a  somewhat  more  marked 
effect  during  and  after  exposure  to  0.99  mg/I  of  the  aerosol .  The 
single  "dipping"  point  observed  on  Day  8  In  the  0.35  mg/ I  exposure 
group  was  the  result  of  limited  food  availability  over  the  week-end 
because  of  a  non-aligned  feeder. 


Clinical  observations  were  made  twice  dally  In 
during  the  five  exposure  days  and  In  the  14-day  ob 
that  followed.  Control  animals  appeared  normal 
occas I onal  ,  I ncl dence  of  crusted  eye  was  observed  In 
of  all  groups  Including  the  controls.  As  the  RP/BF 
was  Increased  In  the  four  1-hr  exposure  experlmer 
3.05  mg/ 1  the  fraction  of  animals  shoeing  labored  br 
time  during  the  observation  period  Increased 
(occasional  Incidence)  to  100  percent  (through  the 
The  fraction  of  animals  which  were  lethargic  at  som^ 
from  20  percent  to  60  percent.  Reddish  discharge  f 
observed  In  30  percent  of  the  animals  exposed  to  2} 
aerosol  only. 


all  six  studies 
^ervatlon  period 
fhroughout.  An 
5  to  10  percent 
concentratl  on 
ts  from  1.56  to 
eathlng  at  some 
from  20  percent 
^ntlre  19  days). 

time  Increased 
»fom  the  nose  was 
05  mg/I  of  the 


In  the  experiments  tn  which  the  rats  were  expo 
for  4  hr  to  filtered  air,  0.35  mg/ I  RP/BR  or  to  0. 
crusted  eye  was  occasionally  seen  In  5  to  10 
i  mals.  Ten  percent  of  the  controls  and  20  perd 
mg/ I  group  were  hyperreactive  at  some  time.  Ten  per 
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FIGURE  2:  MEAN  BODY  WEIGHT  CHANGES  IN  MALE  AND  FEMALE  RATS 
DURING  ANO  AFTER  5  DAILY  I -HR  EXPOSURES  TO 
RP/8R  AEROSOLS  1.99  mg/1  OR  j.M>  mg/i.  <*-*).. 


animals  exposed  to  0.99  mg/I  were  lethargic  at  some  time  during 
observation. 

All  animals  vhlch  died  were  necropsled  and  observations  were 
made  of  lungs,  trachea,  esophagus,  liver,  stomach.  Intestines, 
cecum.  No  control  animals  were  included  for  experiments  52A  and 
52B  (3.05  mg/I  end  1.99  mg/ I  aerosol  for  five  t-hr  exposures).  In 

general,  the  observations  on  these  spontaneous  deaths  Included 
overall  mottled  red  lungs  with  occasional  dark  red  foci,  occasional 
tan  foci  on  the  liver,  and  gas-filled  stomach.  Intestines  and 
cecum.  Controls  Included  In  other  studies  and  all  surviving 

animals  were  killed  by  CO-  Inhalation  and  exsangu I natl on  at  the 
conclusion  of  the  observation  period.  Control  animals  (Experiments 
5/  and. 65)  exhibited  the  same  mottled  red  lungs  with  occasional 
pinpoint  or  larger  red  foci  and  an  occasional  tan  focus  on  the 
liver  as  observed  In  the  exposed  groups  (0.35  mg/ 1  and  0.99  mg/ 1 
RP/BR  for  five  4-hr  exposures  for  Experiments  57A  and  57B 

respectively).  Observations  In  necropsies  of  animals  exposed  to 
1.56  mg/ I  RP/BR  showed  a  gr eater  I nc I dence  of  red  mottling  and  red 
foci  In  the  lungs.  Necropsies  of  animals  exposed  to  2.49  mg/ I 
RP/BR  (Experiment  65B)  yielded  similar  observations  with  the 
addition  of  occasional  necrotic  foci  on  the  liver  In  spontaneous 
deaths. 

This  comparison  of  the  T-hr  and  4-hr  studies  In  terms  of  body 
weight  changes  and  of  clinical  observations  demonstrated  marked 
toxic  effects  on  both  parameters  after  the  l-hr  exposures  but 
negligible  effects  after  4-hr  exposures  to  lower  concentrations  of 
the  RP/BR.  These  results  again  Indicate  the  Importance  of  the 
exposure  concentration  relative  to  duration  since  for  similar  or 
higher  CxT  values  In  the  4-hr  studies  there  were  minimal  effects 
compared  to  the  l-hr  exposure. 

JSIjujU&s 

These  preliminary  range  finding  data  were  used  as  a  basis  for 
the  final  design  for;  the  Phase  II  definitive  studies.  These 
studies  were  conducted  to  provide  Information  on  selected  .  biologic 
response  parameters  after  four  dally  exposures  to  0.5  mg/ I  of  RP/BR 
aerosol  and  comparing  the  effects  at  1 .0  -  and  3.5  -  hr  exposure 
durations.  The  biologic  endpoints  selected  for  this  study  were 
pulmonary  free  cell  parameters  (total  and  differential  cell  counts 
and  cellular  protein  and  ATP  levels  In  the  free  cells  obtained  by 
tr acheobronch I al  lavage),  body  weights  and  potential  structural 
changes  (gross  necropsy  and  h I stopathol  ogy ) .  Pulmonary 
bactericidal  activity  was  not  chosen  for  this  study  because  of  the 
very  high  sensitivity  of  this  assay.  The  selected  parameters  were 
tested  Immediately  following  the  last  exposure  and  after  a  14-day 
recovery  period.  In  an  additional  study  rats  were  exposed  to  0.5 
mg/l  of  RP/BR  for  3.5  hr  dally  4  days/week  for  4  weeks  and  examined 
for  histopathologic  changes  with  and  without  recovery.  ■ 
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The  experimental  design  with  exposure  group  allocations  for 
study  Nos.  76,  77  and  78  Is  shown  In  Table  5.  In  Study  Nos.  76 
and  77  four  groups  o*  14  male  and  14  female  rats  were  exposed  for 
1.0  or  3.5  hr  dally,  four  times  per  week  for  one  week  to  0.5  mg/ I 
of  RP/BR  aerosol.  Four  groups  were  exposed  to  filtered  air.'  In 

Study  Nos.  76A  and  B,  two  RP/BR  and  two  air-treatment  groups  (1 

and  II:  V  and  VI)  were  exposed  for  1.0  hr  per  day  on  4  consecutive 

days.  In  Study  Nos.  77A  and  B,  the  remaining  four  treatment 

groups  (III  and  IV;  VII  and  VIII)  received  4  dally  3.5  hr 
exposures  to  RP/BR  or  air.  One  RP/BR  and  one  air  group  from  each 
exposure  duration  (treatment  groups  I  to  IV)  were  sacrificed 
subsequent  to  the  last  exposure.  Pulmonary  lavages  with  total  and 
differential  cell  counts,  cellular  protein  and  ATP  levels  were  done 
for  10  male  and  10  female  rats  from  each  group.  The  remaining  4 
males  and  4  females  were  killed,  necropsled  and  tissues  from  2  rats 
of  each  sex  were  processed  for  histopathologic  examination  of  the 
respiratory  tract.  The  other  RP/BR  and  air  treatment  groups  from 
each  exposure  duration  were  maintained  for  a  14-day  recovery  period 
(treatment  groups  V  to  VI  II)  at  the  end  of  which  the  same  numbers 
of  animals  from  each  group  as  listed  above  were  used  for  pulmonary 
lavage,  necropsy  and  h 1 stopatho I ogy . 

Study  No.  78  was  conducted  to  determine  If  any  gross 

structural  changes  In  the  respiratory  tract  could  be  dl scovered 
relative  to  controls  from  lihalatlon  of  0.5  mg/ 1  of  RP/BR  aerosol, 
3.5  hr  dally,  four  days  per  week  over  a  four-week  period  at  the 
completion  of  the  exposures  and  after  a  14-day  recovery  period. 
Pulmonary  lavage  parameters  were  not  examined  In  this  study. 

A'lmals  In  all  three*  studies  were  weighed  on  a  regular 

schedule  and  clinical  observations  for  toxic  s 1 gn s  were  made  twice 

dally  except,  for  weekends  and  holidays. 

2.  Emiuifl  la  &EL&R  MlsliqI 

The  rats  were  exposed  to  RP/BR  aerosol  or  filtered  air  In 
1-ftr-slzed  Inhalation  chanbers  as  described  In  the  methods 
section.  For  animals  receiving  the  same  exposure  regimen  but 
different  post-exposure  treatments  (that  Is,  with  or  without 
recovery;  such  as  treatment  groups  II  and  VI  and  IV  and  VIII, 

respectively),  common  chanbers  were  used  and,  therefore,  common 
exposure  concentrat I  on s  wern  calculated.  However,  In  order  to 
facilitate  the  tl me-consun I ng  and  labor-intensive  processes  of 
pulmonary  lavage  and  necropsy  of  the  test  animals,  the  exposures 
were  staggered.  Exposure  of  5  male  and  5  female  rats  from  each 
group  for  lavage  and  2  of  esch  sex  for  necropsy  were  started  one 
day  and  the  remaining  (5+2!  rats  per  sex  per  group  were  started  on 
the  next  day  (Monday  through  Thursday  and  Tuesday  through  Friday, 
respectively).  Therefore,  there  were  actually  five  days  of 
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Table  5.  EXPOSURE  GROUP  ALLOCATION  FOR  STUDY  NOS.  76,  77  AND  78 


multiple  dally  chamber  readings  from  which  the  means  and  standard 
deviations  ( S D )  for  aerosol  mass  concentration  and  particle  size 
values  for  the  entire  four  exposure  day  study  were  calculated. 
Thus,  In  Study  Nos.  76  and  77,  for  the  1.0-and  3.5- hr  aerosol 
exposures,  15  (3  per  day  on  5  days)  and  20  (4  per  day  on  5  days) 
filter  and  Integrated  photosensor  samples,  respectively,  were 
collected.  For  Study  No.  78,  64  filter  and  photosensor  samples  (4 
per  day  on  16  days)  were  taken.  Aerosol  mass  concentration  and 
particle  size  data  for  the  various  exposure  periods  were  calculated 
as  overall  means  from  the  multiple  dally  means  averaged  over  the 
entire  exposure  period.  Percent  phosphoric  acid  was  determined 
from  one  f II ter-col I ected  sample  per  week.  The  aerosol  mass 
concentration  and  particle  size  data  for  Study  Nos.  76,  77  and  78 
are  summarized  In  Table  6. 

The  mass  median  aerodynamic  diameters  (MMAD)  shown  In  the 
table  for  Study  Nos.  76  and  77  were  higher  than  the  values  we 
usually  observed  (0.45  to  0.63  um).  In  reviewing  the  original 
Quartz  Crystal  Microbalance  Impactor  data  for  these  studies  It  was 
found  that  for  all  replicate  samples  Impacror  stage  No.  7  (cut 
diameter  *  0.84  uin)  collected  between  45JI  and  60%  of  the  total 
particle  mass,  while  stage  No.  6  (cut  diameter  *  1.69  um) 
collected  nothing.  Thus,  the  resulting  aerosol  size  distribution 
was  one  tailed,  and,  because  the  mass  median  aerodynamic  diameter 
Is  a  single  point  property  of  the  distribution,  the  median  particle 
size  appears  markedly  different  from  the  expected  value.  The  mass 
mean  aerodynamic  diameter,  being  a  property  of  the  overall 
distribution,  was  not  as  severely  affected  with  values  (0.61,  0.57 
and  0.54  for  Study  Nos.  76,  77  and  78)  which  were  essent I al I y 
equivalent  to  mean  values  previously  determined  under  similar 
conditions  during  the  aerosol  homogenlty  studies  of  Phase  I. 

3 .  Mariam*  and  Clinical  QJaaarxallnna 

No  deaths  occurred  In  any  of  the  studies.  All  animals 
appeared  normal  during  the  exposure  Interval  and  14-day  recovery 
period  except  for  2  males  for  which  crusted  eyes  were  recorded 
during  the  recovery  period.  No  other  treatment-r el ated  changes 
were  seen. 

4.  Ban*  Jifliaiiii 

According  to  the  experimental  design  for  Study  Nos.  76  and  77 
only  the  animals  designated  for  lavage  were  weighed  before  each  of 
the  four  exposures  and  at  pr edeterml ned  Intervals  during  the 
recovery  period.  Mean  body  weights  are  summarized  for  treatment 
groups  I  through  VIII  for  the  four  exposure  days  In  Table  A-3  and 
those  for  recovery  animals  (treatment  groups  V  through  VIII)  taken 
over  an  18-day  period  In  Table  A-4  of  the  Appendix.  Two  separate 
analyses  were  conducted,  one  on  the  results  of  the  4  exposure  days 
and  one  over  the  entire  18-day  period  Including  4  exposure  and  14 
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recovery  days.  The  data  were  analyzed  for  between  tfmepolnt 
differences  as  well  as  linear  trends^ln  weight  gain  over  time. 

A  multivariate  ANOVA  of  the  4-day  exposure  period  revealed 
tnat  exposure  duration  was  not  a  significant  factor  (there  was  no 
treatment  by  duration  Interaction)  and  that  the  average  level  of 
body  weights  over  the  four-day  period  was  not  significantly 
affected.  However,  a  significant  exposure  by  sex  Interaction 
(F=5.46,  df=4/149,  p<0.0004)  was  found.  Table  7  displays  the  dally 
body  weight  means  averaged  over  both  durations  for  control  and 
exposed  male  and  female  rats.  Inspection  of  the  data  demonstrated 
significant  (p<0.05)  differences  for  Individual  time  points  between 
exposed  and  control  male  but  not  female  rats  and  that  the  exposure 
had  a  significant  effect  on  the  linear  rate  of  weight  Increase  In 
male  but  not  In  female  ra+s. 

Analysis  of  the  recovery  animals  over  the  entire  18-day  period 
revealed  that  the  previously  noted  sex  by  exposure  Interaction  for 
days  1  to  4  was  absent.  Again,  exposure  duration  was  not  found  to 
be  a  significant  factor.  A  significant  overall  exposure  effect  was 
found  (F=8.63,  df«4/68,  p<.0001).  Inspection  of  the  average  dally 
body  weight  means  for  control  and  exposed  animals  (Table  8) 
reveal ed  that  the  average  level  of  body  weights  was  significantly 
decreased  over  the  entire  18-day  period  In  exposed  animals 
( p <0 . 008 )  and  that  Individual  tlmepolnt  comparisons  were  also 
significant  ,(p<0.05).  However,  the  rate  of  body  weight  gain  was 
not  significantly  different  between  exposed  and  control  animals. 
This  Indicates  that  treatment  produces  a  decrease  In  body  weight 
tnat  does  not  return  to  within  the  normal  control  limits  In  the 
recovery  period. 

The  mean  body  weights  measured  In  Study  No.  78  In  which  rats 
received  16  exposures  of  3.5 -hr  dally  duration  for  4  days  per  week 
are  summarized  In  Table  A-5  of  ,the  Appendix,  The  rats  were  weighed 
before  the  first  exposure  and  then  weekly  on  Fridays  for  the  four 
exposure  weeks  and  two  recovery  weeks.  Statistical  analysis  of  the 
body  weight  data  was  conducted  for  both  between  tlmepolnt^ 
differences  and  trends  In  body  weight  measurements  over  time.  No 
significant  treatment  by  sex  Interaction  was  found.  The  average 
body  weights  of  exposed  animals  over  time  were  significantly  lower 
than  those  of  control s  (p<0.002).  However,  RP/BR  exposure  did  not 
affect  the  overal I  rate  of  body  weight  gains  relative  to  those  In 
controls.  As  shown  In  Table  9  si gn I f I  cant  I y  I ower  body  weights 
were  seen  In  exposed  rats  at  all  tlmepolnts  after  the  Initial 
preexposure  weighing  on  Day  Is  Day  5  (p<0.0002).  Day  12 
(p<0. 000008) ,  Uay  19  (p<0.0002).  Day  26  (p<0.008).  Day  33 
(p<0.002),  and  Day  39  (p<0.02).  The  attenuation  of  the  probability 
values  on  Day  33  and  Day  39  Indicates  a  recovery  effect  In  which 
treated  animals  return  to  within  the  9?  percent  limits  of  controls. 
These  body  weight  measurements  are,  however,  still  significantly 
different  (p<0.02)  from  controls. 
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Table  g  .  HE AN  BODY  WEIGHTS  OF  MALE  AND  FEMALE  RATS  DURING  RP/BR  AEROSOL  EXPOSURE  AND  RECOVERY  DAYS 

(STUDY  NOS.  76B  and  /7B) - 
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5 .  £iilJDi2iiaj:^  Lc-g-g  £flil  £arjam£±fir^ 

Results  of  the  pulmonary  lavage  experiments  are  summarized  In 
Table  10  showing  total  cel  I  counts,  percent  macrophages  determined 
from  differential  counts  and  total  protein  and  ATP  levels  In,  the 
lavaged  cells.  Statistical  analysis  of  these  data  revealed  no 

difference  between  the  effects  of  1.0-  and  3.5-  hr  exposures  (no 
duration  by  exposure  Interaction)  over  the  entire  exposure  and 
observation  periods.  In  the  macrophages  of  rats  examined 
Immediately  after  the  fourth  exposures  a  significant  exposure  by 
sex  Interaction  was  found  for  ug  total  protein  per  105  cells 
(p<0.001).  For  females,  averaging  over  exposure  duration  PP/BR 
aerosol  Inhaiatlon  exposure  produced  an  Increase  In  total  protein 
(control  »  25.23  and  exposed  =  28.09  ug  protein  per  105  cells), 
whereas  males  exhibited  a  decrease  (control  *  25.24  and  exposed  = 
22.99  ug  protein  per  105  cells).  In  the  absence  of  other 

treatment  by  sex  Interactions  the  data  obtained  from  the  two  sexes 
were  combined  for  all  other  parameters  In  Table  11.  In  addition. 
In  the  absence  of  an  exposure  by  duration  Interaction  the 
experimental  observations  were  also  averaged  over  the  two  exposure 
durations.  when  examined  Immediately  after  the  last  RP/BR 
exposure,  (treatment  groups  1  through  IV)  significant  overall 
decreases  In  ATP  content  per  1 05  cell  (p<0N002)  and  In  ATP  per 
ug  protein  (p<0.008)  were  observed.  Statistical  analysis  of  the 
data  obtained  after  the  recovery  period  (treatment  groups  V  through 
VII)  revealed  no  significant  exposure-related  effects;  hence 
recovery  from  these  exposure  effects  was  complete  within  14  days. 

6 .  fiJLOSS  OJJJl  Ml£lOMM±tlS2lQfilC  Ql2JLBCXM±l£L Q2 

Gross  observations  made  on  the  rats  during  necropsy  for  the 
4-day  and  the  4-week  exposure  studies  are  summarized  In  the 
Appendix  In  "Pathology  Report,  Part  I".  After  the  4-day  exposure 
study  mottled  red  lungs  were  found  In  many  of  the  rats  In  both  the 
treated  and  filtered  air  groups  and  In  both  the  exposure  and 
recovery  groups.  The  small  number  of  animals  per  group  makes  It 
difficult  to  determine  the  significance  of  this  lesion.  Other 
lesions  which  occurred  with  some  frequency  were  urinary  calculi  In 
males  especially  In  the  recovery  group,  mottled  brown  kidneys,  and 
distended  uteri.  These  and  the  remaining  lesions  observed  were 
regarded  as  Incidental  findings  and  were  present  In  both  the 
con+rol  and  treated  animals. 

No  compound  related  gross  pathologic  lesions  were  observed  In 
rats  from  the  experimental  group  sacrificed  after  the  4-week 
exposures,  nor  In  rats  sacrificed  after  two  weeks  of  recovery 
period.  All  lesions  observed  at  necropsy  were  considered  to  be 
spontaneous  In  nature  and  unrelated  to  Inhalation  of  RP/BR 
aerosols. 

From  the  4-day  exposure  studies  two  rats  per  sex  per  group 
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EFFECTS  OF  FOUR  DAYS  OF  EXPOSURE  TO  RP/BR  AEROSOLS  ON  PULMONARY  FREE  CELLS  LAVAGE 
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T„ble  10  (Continued).  EFFECTS  OF  FOUR  DAYS  OF  EXPOSURE  TO  RP/BR  AEROSOLS  ON  PULMONARY  FREE  CELLS  LAVAGED 

FROM  THE  LUNGS  OF  MALE  AND  FEMALE  RATS3 


Table  II.  OVERALL  MEAN  VA 


were  submitted  for  histologic  evaluations  of  the  respiratory  tract. 
Because  gross  examination  of  the  kidneys  from  several  animals 
revealed  mottling,  the  following  tissues  were  trimmed  and  processed 
to  paraffin  blocks:  trachea,  pulmonary  lymph  nodes,  each  lung 
lobe,  nasal  turbinates,  and  kidneys.  The  paraffin  blocks  were  then 
shipped  to  Experimental  Pathology  Laboratories,  Inc.  where 
hematoxylin  and  eosln  stained  slides  were  prepared  and  examined. 
The  results  are  summarized  In  "Pathology  Report,  Part  II."  and 
Included  In  the  Appendix. 

The  microscopic  changes  and  a  detailed  listing  of  all  tissues 
evaluated  are  presented  In  the  H I stophatol ogy  Incidence  Tables. 
All  lesions  are  summarized  by  sex  and  treatment  croup  and  presented 
In  the  Summary  Incidence  Tables.  A  correlation  of  teslons  observed 
at  necropsy  with  the  corr espondl ng  microscopic  observation,  where 
possible.  Is  presented  In  the  Correlation  of  Gross  and  Microscopic 
Findings  Tables.  The  gross  observations  In  these  tables  were 
transcribed  from  the  necropsy  sheets  provided  with  the  paraffin 
blocks. 

A  summary  of  the  results  of  the  microscopic  examinations 
Indicate  that  administration  of  RP/BR  at  the  concentrations  and  for 
the  duration  of  exposure  used  In  this  study  did  not  produce 
tr eatment-r el ated  changes  In  the  kidney,  trachea,  or  the  nasal 
furblnates  at  the  levels  examined. 

Several  Animals  which  recovered  for  14  days  following  either  a 
1.0  -  hour  or  3.5-hour  exposure  {for  four  days)  to  RP/BR  combustion 
products  had  focal  areas  of  Interstitial  reaction  with  alveolar 
macrophages  which  may  be  treatment  related.  However,  these  animals 
also  had  moderate  to  marked  lymphoid  hyperplasia  of  pulmonary  lymph 
nodes  which  suggests  an  infectious  agent  such  as  Sendai  virus. 
My  cop  1  asma  or  pneumonia  virus  of  mice  (PVM)  may  have 
produced  these  lesions.  Although  Inquiries  to 
Har I an/Spr ague-Oaw I ey,  Inc.,  supplier  of  the  rats  Indicated  that 
results  of  viral  serology  and  bacteriology  assays  of  this  rat 
shipment  showed  Sendai  and  5.0  to  be  negative  there  was  a 
posl tl ve  PVM  tt  ter. 


u*  cflHcujLSiaas 


Exploratory  experiments  with  male  and  female  Spr ague-Oaw I ey 
rats  exposed  to  RP/BR  aerosols  ranging  from  0.5  to  3  mg/ I  for 
durations  of  1  to  4  hr  showed  highly  significant  decreases  In 
pulmonary  bactericidal  activity  to  Inhaled  In 

exposed  relative  to  control  rats  after  single  as  well  as  multiple 
exposures.  the  higher  exposure  concentrations  also  produced 
significant  decreases  In  total  cell  counts  In  the  pulmonary  free 
cells  obtained  by  tr acheobronch I al  lavage  from  the  exposed  rats. 


The  Subsequent  mortality  studies  with  exposures  to  RP/BR 
aerosols  ranging  from  2.00  to  3.15  mg/ I  mass  concentration 
demonstrated  that  the  maximum  mortality  resulting  from  a  single 
1-hr  exposure  to  approximately  3  mg/ I  of  the  aerosol  (maximum 
generator  capacity)  was  20  to  25  percent,  while  2.62  mg/ I  resulted 
In  6  percent  deafhs.  Thus  It  became  evident  that  LC^q  studies 
with  single  exposures  at  logarithmically  spaced  concentrations, 
were  not  feasible  In  the  range  of  aerosol  concentration  levels 
physically  attainable  with  the  generators  at  the  air  flow  rates 
required  In  our  Inhalation  exposure  system. 

A  single  4-hr  exposure  to  0.88  mg/ I  with  a  CxT  value  similar 
to  those  In  the  3.09  and  3.15  mg/ I  1-hr  studies  caused  no  deaths 
thereby  suggesting  that  exposure  concentration  Is  the  determining 
factor  rather  than  duration. 

A  follow-up  multiple  exposure  study  with  rats  Inhaling  RP/BR 
aerosol s  for  1-hr  dally  for  5  consecutive  days  at  concentrations  of 
1.56,  1.99,  2.49  and  3.05  mg/ I  showed  mortality  rates  ranging  from 
5  to  90  percent  with  an  estimated  LC^q  value  of  2.32  mg/ I .  In 
contrast,  when  rats  received  five  dally  4-hr  exposures  to  0.35  or 
0.99  mg/ I  of  RP/BR  only  one  died  and  comparison  of  body  weights  and 
of  clinical  observation  for  the  1-  and  4-hr  studies  showed  markedly 
negative  effects  after  the  1-hr  and  practically  negllgable  ones 
after  the  4-hr  exposures.  Thus  the  Importance  of  exposure 
concentration  over  duration  In  terms  of  producing  effects  at 
comparable  CxT  values  became  evident  again. 

In  the  definitive  studies  male  and  female  ra)s  received  four 
dally  exposures  to  0.5  mg/ I  of  RP/BR  aerosol  for  1.0  or  3.5  hr 
durations.  In  an  additional  experiment  rats, were  exposed  to  0.5 
,mg/l  of  RP/BR  for  3.5  hr  dally  4  days  per  week  for  4  weeks. 

No  deaths  occurred  In  any  of  the  studies  and  generally  no 
treatment-related  clinical  observations  were  seen  during  any  of  the 
exposures  On  the  following  14-day  .  recovery  periods.  Statistical 
analysts  of  body  weights  showed  that  exposure  duration  was  not  a 
significant  factor.  When  examined  over  the  exposure  and  recovery 
periods  combined,  the  4-day  as  wel I  as  the  4-week-RP/BR  exposures 
produced  significant  weight  decreases  In  rats  of  both  sexes  and  the 
weights  did  not  return  to  the  normal  control  levels  within  the 
recovery  period. 

No  compound-rel ated  gross  pathologic  lesions  were  observed 
during  necropsies  Immediately  following  the  last  epxosure,  or  after 
a  14-day  recovery  period  In  either  the  4-day  or  the  4-week  exposure 
group. 

Exposure  duration  did  not  have  a  significant  effect  on  the 
free  cells  lavaged  from  the  lungs.  Total  and  dl f f erentl ai  cell 
counts  were  not  affected*  Cellular  ATP  levels  were  significantly 


decreased  when  examined  immediately  after  the  fourth  exposure, 
however  recovery  was  complete  after  14  days. 

Microscopic  examination  of  the  tissues  immediately  following 
the  4-day  exposure  and  after  a  2-week  recovery  period  did  not 
reveal  any  treatment-related  changes  In  kidneys,  trachea  and  nasal 
turbinates.  The  lungs  of  several  animals  had  focal  areas  of 
Interstitial  reaction  with  alveolar  macrophages  which  may  have  been 
treatment-related.  However,  In  the  opinion  of  the  pathol og I st,  the 
presence  of  a  possible  reaction  of  marked  lymphoid  hyperplasia  of 
pulmonary  lymph  nodes  which  suggests  an  Infectious  agentand  the 
Informat'on  received  from  the  animal  supplier  about  a  positive  PVM 
titer  In  the  breeding  colony  indicates  no  compound-related  effect. 

Thus  these  range  finding  studies  have  demonstrated  that 
inhalation  of  C.5  mg/ I  RP/BR  aerosol  for  1.0  and  3.5  hr  dally  for  4 
days,  or  for  3.5  hr  4  times  weekly  for  4  V<eeks  resulted  In 
decreased  bcdy  weights  relative  to  control  animals,  but  the 
exposures  did  not  produce  gross  pathologic  changes  and  the 
microscopic  changes  observed  In  lung  tissue  could  not  be  considered 
compound-  related.  The  changes  found  In  pulmonary  lavage 
parameters  after  four  exposures  were  no  longer  present  after  the 
recovery  period.  Since  the  concentration  level,  0.5  mg/ I ,  used  In 
these  studies  produced  minimal  toxicity,  the  Phase  III  studies  will 
use  concentration  levels  at  and  above  this  level. 
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Rats  were  6  to  8  weeks  old  when  used. 

Mean  i  SO  for  grav imet r ic  f i I  ter  samples. 
Study  Oay  i  =■  first  exposure  day. 

Exposure  days. 
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FOUR-DAY  INHALATION  TOXICITY  STUDY  OF  RP/BR  IN  RATS: 
Pathology  and  Pul  nonary  Lavage  (Study  76/77) 


PATHOLOGY  SYNOPSIS 


No  compound-related  gross  pathologic  lesions  were  observed 
In  Sprague-Daw I ey  rats  from  the  experimental  groups  sacrificed 
after  treatment  which  they  received  and  sacrificed  14  days  after 
their  last  exposure. 

Microscopic  examination  of  the  tissues  did  not  reveal  any 
treatment-related  changes  In  kidneys,  trachea  and  nasal 
turbinates.  However,  lungs  of  several  animals  had  focal  areas  of 
Interstitial  reaction  with  alveolar'  macrophages  which  may  be 
treatment-related.  It  Is  not  clear  at  this  study  period  whether 
there  was  a  possible  reaction  of  marked  lymphoid  hyperplasia  of 
pulmonary  lymph  nodes  which  suggests  an  I nf ect lous  .agent . 

Vladislava  S.  Rac,  D.V.M.,  M.S. 
Head,  Pathology 
Pathology  Section 
life  Sciences  Research 


NECROPSY  OBSERVATIONS 
i ntroduct 1  on 


In  accordance  with  the  experimental  protocol,  examination  of 
organs  was  performed  on  64  (32  male  and  32  female)  Sprague-Daw I ey 
rats  for  IITRI  Project  L6139,  Study  Number  76  A  and  B  Phase  II. 
The  rats  were  divided  Into  eight  groups  according  to  treatment 
received,  length  of  exposure,  and  time  of  sacrifice. 


NT  RESEARCH  INSTITUTE 


Thirty-two  rats  (16  males  and  16  females)  were  exposed  to 
0.5  mg/ 1  of  RP/BR  aerosol,.  Sixteen  of  the  32  rats  (8  males  and  8 
females)  were  exposed  for  one  (1)  hour.  The  remaining  16  rats 
were  exposed  for  3-1/2  hours.  Both  groups  were  exposed  to  the 
aerosol  once  a  day  for  four  consecutive  days. 

The  remaining  32  rats  (16  males  and  16  females)  were  exposed 
to  filtered  air.  As  with  the  aerosol,  sixteen  of  the  32  rats  (8 
males  and  8  females)  were  exposed  for  one  (1)  hour,  while  the 
remaining  16  were  exposed  for  3-1/2  hours.  Both  groups  were 
exposed  to  the  filtered  air  once  a  day  for  four  consecutive  days. 

Eight  rats  (4  males  and  4  females)  from  each  exposure  group 
(0.5  mg/ 1  RP/BR  and  filtered  afr)  and  at  each  time  exposure  ( 1 ~  h  r 
and  3-1/2  hrs)  were  sacrificed  and  necropsied  within  four  hours 
(0  days)  after  the  last  exposure  (Exposure  Group).  ,  The  remaining 
32  rats  were  sacrificed  and  necropsied  14  days  after  their  last 
exposure  (Recovery  Group).  The  group  number,  treatment,  number 
of  animals  per  group  per  sex,  correspond  I ng  exposure  levels,  time 
of  exposure,  and  time  elapsed  before  sacrifice  are  outlined 
below. 


EXPOSURE  NUMBER  NUMBER  EXPOSURE  EXPOSURE 


GROUP 

TREATMENT  MALES 

FEMALES 

LEVEL  (mg/I) 

TIME 

(  hr)* 

TEBS** 

1 

Filtered  Air  Control 

4 

4 

0.0 

1 

0 

days 

1  1 

RP/BR  Aerosol 

4 

4 

0.5 

1 

0 

days 

III 

Filtered  Air  Control 

4 

4 

0.0 

3 

1/2 

0 

days 

IV 

RP/BR  Aerosol 

4 

4 

0  .5 

3 

1/2 

0 

days 

V 

Filtered  Air  Control 

4 

4 

0.0 

1 

1  4 

days 

V  1  ' 

RP/BR  Aerosol 

4 

4 

0  .5 

1 

1  4 

days 

V  l.l 

Filtered  Air  Control 

4 

4 

0  .0 

3 

1/2 

14 

days 

VIII 

RP/BR  Aerosol 

4 

4 

0  .5 

3 

1/2  ■ 

1  4 

days 

*  Hours  per  day  for  4  consecutive  days 
**  TEBS  -  Time  Elapsed  Before  Sacrifice 
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The  rats  were  sacrificed  with  carbon  dioxide  either  within 
four  hrs  (0  days)  or  14  days  after  the  last  exposure,  bled  from 
the  dorsal  aorta,  and  necropsled.  The  organs  were  examined  and 
fixed  in  10$  neutral  buffered  formalin  for  a  period  no  less  than 
48  hrs  before  further  processing.  The  select  organs  from  32  of 
the  64  rats  necropsled  (2  males  and  2  females  from  each  of  the 
eight  treatment  groups)  were  submitted  to  the  histology 
laboratory  ant  were  processed  according  to  the  experimental 
design.  . 

Resu I ts  and  Discussion 


Mottled  red  lungs  were  observed  In  many  of  the  rats  In  both 
the  treated  and  filtered  air  control  groups  and  in  both  the 
exposure  and  recovery  groups.  The  small  number  of  animals  per 
group  makes  It  difficult  to  determine  the  significance  of  this 
lesion. 


Other  lesions  which  occurred  with  some  frequency  were 
urinary  calculi  In  males  especially  In  the  recovery  group, 
mottled  brown  kidneys,  and  distended  uteri.  These  and  the 
remaining  lesions  observed  were  regarded  as  Incidental  findings 
and  were  present  in  both  the  control  and  treated  animals. 


d/L'Ct  ( 


Carol  A.  Th om pson,  D.V.M. ,  M.S. 
Senior  Veterinary  Pathologist 
Pathology  Section 
life  Sciences  Research 
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FOUR-WEEK  INHALATION  TOXICITY  STUDY  OF  RP/BR  IN  RATS 

(Study  78) 

NECROPSY  OBSERVATIONS 


No  compound  related  gross  pathologic  lesions  were  observed 
In  Sprague-Daw I ey  rats  from  the  experimental  group  Sacrificed 
after  16  exposures  at  0.5  mg/ I  for  3.5  hours,  nor  in  rats 
sacrificed  after  two  weeks  recovery  period.  All  lesions  observed 
at  necropsy  were  considered  to  be  spontaneous  in  nature  and 
unrelated  to  treatment  with  Red  Phosphorus/Butyl  Rubber 
Combustion  Products. 
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Vladislava  S.  Rac,  D.V.M.,  M.S. 
Head,  Pathology 
Pathology  Sect  I  on 
Life  Sciences  Research 
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IITRI  PROJECT  NUMBER  L06139 
PHASE  II  STUDY  76/77  ' 

FOUR-DAY  INHALATION  TOXICITY  STUDY  OF  RP/BR  IN  RATS: 
PATHOLOGY  AND  PULMONARY  LAVAGE  ' 


PATHOLOGY  SUMMARY 


Microscopic  examinations  were  performed  on  selected  tissues 
from  male  and  female  Sprague-Dawley  rats.  The  study  was  designed  to 
determine  the  toxicity  of  RP/BR  (Red  Phosphorus/Butyl  Rubber)  combustion 
products  admini stewed  by  multiple  inhalation  exposure  as  evaluated  by 
histopathology  and  pulmonary  lavage  immediately  and  after  a  14-day  reco¬ 
very  period.  This  report  contains  the  histopathologic  findings.  The 
experimental  design  for  this  study  was, as  follows: 

No.  Animals 


Eoosure  Group 

Group  Name 

Cone. 

Exposure* 

r-.le 

jF.v-al 

I 

- 

1 

hr. 

Filtered  Air  Control 
(0  hour) 

0 

1  hour 

14 

14 

II 

♦ 

1 

hr. 

RP/BR  (0  hour) 

.5  mg/1 

l  hour 

14 

14' 

III 

- 

3.5 

hr. 

Filtered  Air  Control 
(0  hour) 

0  ' 

3.5  hour 

14 

14 

IV 

•» 

3.5 

hr. 

RP/BR  (0  hour) 

.5  mg/1 

3.5  hour 

14 

14 

V 

♦ 

1 

hr. 

Filtered  Air  Control 
(14  day) 

Q 

1  hour  ♦  14 
day  recovery 

14 

14 

VI 

- 

1 

hr. 

RP/BR  (14  day) 

.5  mg/1 

1  hour  ♦  14 
day  recovery 

14, 

14 

VII 

• 

3.5 

hr. 

Filtered  Air  Control 
( 14,  day) 

0 

3.5  hour  ♦  14 
day  recovery 

14 

14 

VIII 

- 

3.5 

hr. 

RP/BR  (14  day) 

.5  mg/V 

3.S  hour  ♦  14 
day  recovery 

14 

14 

♦All  exposures  are  for  four  (4)  consecutive  days. 
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According  to  protocol,  two  rats  per  sex  per  group  were 
necropsied  and  gross  and  histologic  evaluations  of  the  respiratory  tract 
were  conducted.  Gross  examination  of  the  kidneys  from  several  animals 
revealed  mottling.  Therefore,  the  following  tissues  were  trimmed  and 
processed  to  paraffin  blocks:  trachea,  pulmonary  lymph  nodes,  each  lung 
•lcbe,  nasal  turbinates,  and  kidneys.  The  paraffin  blocks  were  then 
shipped  to  Experimental  Pathology  Laboratories,  Inc.  where  hematoxylin 
and  eosin  stained  slides  were  prepared  and  examined. 

RESULTS 

The  microscopic  changes  and  a  detailed  listing  of  all  tissues 
evaluated  are  presented  in  the  Histcpathology  Incidence  Tables.  All 
lesions  are  summarized  by  sex  and  treatment  group  and  presented  in  the 
Summary  Incidence  Tables.  A  correlation  of  lesions  observed  at  necropsy 
with  the  corresponding  microscopic  observation,  where  possible,  is  pre¬ 
sented  in  the  Correlation  of  Gross  and  Microscopic  Findings  Tables.  The. 
gross  observations  in  these  tables  were  transcribed  from  the  necropsy 
sheets  provided  with  the  paraffin  blocks. 

Several  lesions  were  found  in  the  lung  and  pulmonary  lymph 
nodes  of  a  few  male  and  female  recovery  animals  that  may  be  treatment 
related.  No  lesions  at  all  were  detected  in  the  nasal  turbinates  and 
only  a  few  animals  had  focal  areas  of  epithelial  hyperplasia  in  t'n? 
trachea. 
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Changes  were  found  in  pulmonary  lymph  nodes,  lung,  and  kidney 
in  both  control  and  treated  animals.  Minimal  to  mild  lymphocyte 
hyperplasia  and  occasionally  hemorrhage  were  found  in  the  pulmonary 
lymph  nodes  of  most  animals.  Moderate  to  marked  lymphocyte  hyperplasia 
was  usually  seen  in  association  with  multifocal  accumulations  of 
macrophages,  lymphocytes,  and  interstitial  thickening  in  the  lung. 

These  changes  were  more  severe  in  one  Group  VI  male  and  one  Group  YI 
female  and  in  both  Group  YI I I  females,  but  were  also  present  in  Group  Y 
and  Group  VII  (control)  animals.  This  pulmonary  interstitial  reaction 
could  be  related  to  the  test  substance,  but  the  lesions  are  also  com¬ 


patible  with  a  subclinical  Sendai  virus  or 


sma  pulmonis  infec¬ 


tion.  The  marked  lymphoid  hyperplasia  of  the  pulmonary  lymph  nodes  is 
indicative  of  intense  antigenic  stimulation  and  makes  the  latter  possi¬ 
bility  more  likely.  Renal  changes  seen  in  a  few  animals  consisted  of 
minimal  to  mil d  , tubul ar  hyperplasia,  dilatation,  and/or  lymphocytic 
infiltrate.  These  changes  are  probably  the,  very  earliest  lesions  of 
chronic  progressive  nephropathy,  a  spontaneous  syndrome  that  commonly 
occurs  in  laboratory  rats. 

One  interesting  renal  finding  was  a  nephroblastoma,  a  malignant 
embryonal  neoplasm,  in  rat  Number  116  which  received  four  one-hour  expo¬ 
sures  to  .5  mg/1  RP/BR  and  was  then  recropsied.  This  large  tumor  was  cer¬ 
tainly  present  before  the  initiation  of  the  experiment  and  was  proir:bly 
congenital.  It  is  in  no  way  treatment  related. 
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CONCLUSION 

The  results  of  this  microscopic  examination  indicate  that  admi- 
nisteration  of  RP/BR  at  the  concentrations  and  for  the  duration  of  expo¬ 
sure  used  in  this  study  did  not  produce  treatment-related  changes  in. the 
kidney,  trachea,  or  the  nasal  turbinates  at  the  levels  examined. 

•  Several  animals  which  recovered  for  14  days  following  either  a 

1  hour  or  3.5  hour  exposure  {for  four  days)  to  RP/BR  combustion  products 
had  focal  areas  of  interstitial  reaction  with  alveolar  macrophages  which 
'9  '  may  be  treatment  related.  However,  these  animals  also  had  moderate  to 

marked  lymphoid  hyperplasia  of  pulmonary  lymph  nodes  which  suggests  an 
infectious  agent  such  as  Sendai  virus  or  Mycoplasma  pulmonis  may  have 
**  produced  these  lesions. 


WOI/sfh 
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QUALITY  ASSURANCE 
REPORT  CERTIFICATION 

L06139  Phase  II 

Client  Name  I  IT  Research  Institute _ Client  Study  No.  76/77  _ 

Study  Director  Dr.  William  0.  Iverson  Pathologist  Dr.  William  0.  Iverson 

Four-Day  Inhalation  Toxicity  Study  of  RP/BR  in  Rats: 

Study  .Title  Pathology  and  Pulmonary  Lavage _ 

Test  Article  Red  Phosphorus/Butyl  Rubber  Species  Sprague-Dawley  Rats 

All  parts  of  the  pathology  phase  of  this  study,  including  the  final  report, 
were  reviewed  by  Experimental  Pathology  Laboratories  Quality  Assurance  Unit 

on  _ Jung  20  -  September  9,  1983 _ .  All  findings  were  reported 

to  the  Study  Director  and  Management. 
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L06139  Phase  II 
Study  76/77 
4  Day  Sacrifice 
Female  Rats 


SUMMARY  INCIDENCE  TABLE 


Group  Group 

I  II 


Group  Group 
IV 


TRACHEA  (NO.  EXAMINED) 


Focal  Hyperplasia 


(2)  (2) 


PULMONARY  LYMPH  NODES 


(NO.  EXAMINED) 


Lymphoid  Hyperplasia 


Hemorrhage 


Macrophage  Hyperplasia 


•  Edema 


Yellow-Green  Pigment 


j  LUNG  (NO.  EXAMINED) 

i  (2)  ' 

(2) 

(2) _ | 

|  Atelectasis' 

1  2 

1 

1  1  1 

1  ■  Alveolar  Macrophages 

I 

Focal  Lymphocyte  Aggregate 
Intersti tial  Thicken i ng 


NASAL  TURBINATE  (NO. ' EXAMINED) 


KIDNEY  (NO.  EXAMINED) 


Nephroblastoma 
Tubul ar  Hyperplasi a 
Lymphocytic  Infiltrate 
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14  Day  Recovery  Sacrifice 
Female  Rats 

SUMMARY  INCIDENCE  TABLE 

Group 

V 


Group 

VI 


TRACHEA  (NO.  EXAMINED) 


Focal  Hyperplasia 


PULMONARY  LYMPH  NODES 


(NO.  EXAMINED) 


.(  P.v.l i(<l< 1  .ttAir.ntirwy  I'nt 
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HIST0PA7H0L0GY  INCIDENCE  TABLES 


I  -  1 

hr. 

Filtered  Air  Control 
(0  hour) 

0 

1  hour 

II  -  1 

hr. 

RP/BR  (0  hour) 

.  5  mg/1 

1  hour 

III  -  3.5 

hr. 

Fil tered  Ai r  Control 
U  hour) 

0 

3.5  hour 

IV  -  3.5 

hr. 

RP/BR  (0  hour) 

.  5  mg/1 

3.5  hour 

V  -  1 

hr. 

Filtered  Air  Control 
(14  day) 

0 

1  hour  +  14 
day  recovery 

VI  -  1 

hr. 

RP/BR  (14  day) 

.  5  mg/1 

1  hour  +  14 
day  recovery 

VII  -  3.5 

hr. 

Filtered  Air  Control 
(14  day) 

0 

3.5  hour  +  14 
day  recovery 

VIII  -  3.5 

hr. 

RP/BR  (14  day) 

.  5  mg/1 

3.5  hour  +  14 
day  recovery 

♦All  exposures  are  for  four  (4)  consecutive  days. 


HISTOPATHOLOGY  INCIDENCE  TABLE 
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HfSTOPATHOLOGY  INCIDENCE  TABLE 


7  (EPL) 


msasaiKss 


Page  18  ( EPL ) 


Exposure  Group 

Group  Name 

Cone. 

Exposure* 

> 

I 

1  hr. 

Filtered  Air  Control 
(0  hour) 

0 

1  hour 

a 

. 

II 

1  hr. 

RP/BR  (0  hour) 

.  5  mg/1 

1  hour 

V*.' 

W 

s' 

III 

-  3.5  hr. 

Filtered  Air  Control 
(0  hour) 

0 

3.5  hour 

9 

IY. 

-  3.5  hr. 

RP/BR  (0  hour) 

.  5  mg/1 

3.5  hour 

V 

-  1  hr. 

Filtered  Air  Control 
(14  day) 

0 

1  hour  +  14 
day  recovery 

/T 

H 

T“-» 

YI 

-  1  hr. 

RP/BR  (14  day) 

.  5  mg/1 

1  hour  +  14 
day  recovery 

VII 

-  3.5  hr. 

Filtered  Air  Control 
(14  day) 

0 

3.5  hour  +  14 
day  recovery 

0 

VIII 

-  3.5  hr. 

RP/BR  (14  day) 

.  5  mg/1 

3.5  hour  +  14 
day  recovery 

*aii 

exposures 

are  for  four  (4)  consecutive  days. 

HtSTOPATHOLOGY  INCIDENCE  TABLE 


HISTOPATHOLOGY  INCIDENCE  tABL^ 


Severe/HIgh  X  -  Incornploln  Sncllon 


HISTOPATHOLOGY  INCIDENCE  TABLE 
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CORRELATION  OF  GROSS  AND  MICROSCOPIC  FINDINGS  TABLES 


L661 39  Phase  II 
Study  ?6/77 

4  fiay  Sacrifice  CORRELATION  OF  GROSS  AND  MICROSCOPIC  FINDINGS 
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14  Day  Recovery  Sacrifice  CORRELATION  OF  GROSS  AND  MICROSCOPIC  FINDINGS 
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14  Day  Recovery  Sacrifice  CORRELATION  OF  GROSS  AND  MICROSCOPIC- FINDINGS 


t 


</» 

0» 


«9 


o» 

a 


& 


u 

w 

o 

1/1 


£ 

> 


1.1  x  3 

*rt 

'S  r>.  y 

*-> 

-C  "**.  <U 

*9 

a.  a« 

oc 

r* 

O'  >> 

«  5s  <9 

M 

— •  -o  a 

•t 

O  3 

O 

o  *±  «•> 

-J  «rt  •«* 

<1 

Phase  ii 
6/7? 
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